We investigate the influence of the incident light polarization on the 2pLADA spatial resolution. By comparing 2pLADA results obtained using linear, circular and radial polarizations we show that certain polarizations offer advantages in particular applications.
Introduction
Laser-assisted device alteration (LADA) is a well-established imaging technique used to isolate interaction sites of timing-critical transistors [1] . In its original form, LADA employed a continuous wave (CW) laser and therefore provided no detailed temporal information [2] , however we recently showed how this limitation can be overcome by using two-photon absorption (TPA) [3] . In this paper we now address how the polarization state of the excitation light in two-photon LADA (2pLADA) influences the outcome of the technique.
Experimental setup
A test device was illuminated with 200-fs pulses with a wavelength of 1280 nm and with a focal intensity of 195 GW/cm 2 . The pulses were delivered from the laser through to a collimation module which presented a beam into a liquid-crystal radial polarization converter (RPC) and laser scanning microscope (LSM) module. The LSM employed an integrated silicon solid immersion lens which provided NA = 2.45. The device under test (DUT) was a proprietary 28-nm-feature-size bulk silicon test device (VDD = 0.8 V, clock frequency = 50 MHz). By controlling the supply voltage the fail rate was set to 50% and typically several hundred 2pLADA images of a region of PMOS and NMOS transistors were recorded using a pixel dwell time of 32 μs. Figure 1 shows the 2pLADA images obtained under different incident polarization conditions. The images in the top row of Fig. 1 include the PMOS and NMOS transistors overlay from the CAD image as yellow rectangles, while the bottom row shows corresponding horizontal line-cuts. The CAD overlay indicates a separation between the transistors of 117 nm, which appears to be most clearly resolved when linear polarization is used with its E-field parallel to the transistor channel. Comparable localization resolution also appears to be possible when using radially polarized light, which in principle can provide the same PSF width as optimized linear polarization.
Experimental results
We compared how closely the 2pLADA signals correlated with the transistor regions defined by the CAD layout by evaluating a normalized overlap integral between the 2pLADA signal and the area bounded by the left rectangle. The overlap integral was highest for the case of radial polarization and was normalized to 1.0, giving values for the other cases of 0.82, 0.91 and 0.86.
The transition of the 2pLADA signal across the gap between PMOS and NMOS transistors (indicated by the green dashed lines in Fig. 1 ) was used as the basis for making a quantitative estimate of the localization resolution in each case by fitting a Gaussian error function, as shown in Fig. 2 . The line-cuts in the 2pLADA signal (Fig. 2) reveal that the gap between the transistors is best resolved for E-field polarizations parallel to the gap. This polarization leads to a resolution of 99 nm, which is increased by 46% to 144 nm when using the orthogonal linear polarization. Imaging using radially polarized light produced a resolution value of 120 nm, while circular polarization degraded the resolution to 133 nm. 
Conclusions
These results represent the first detailed assessment of the role of laser polarization in 2pLADA imaging. Linear polarization showed a clear advantage for analyzing advanced ICs as long as the preferred polarization direction could be identified, which in fact can easily be established if the polarization is readily rotatable, e.g. using a halfwave plate. The linear and radial polarizations provided the best lateral localization resolutions compared to the circular polarization. In principle, radially polarized light should have the advantage of producing a PSF with circular symmetry, in contrast to the approximately elliptical shape generated in linear polarization case. However, our results using radial polarization indicated a distortion of the 2pLADA signature, which appears to be a measurement artifact which is not observed in 2pLADA images recorded with the other polarization states. This effect may result from the strong longitudinal E-field component of the radially polarized beam interacting with deeper features in the DUT, however more measurements are needed to understand the origin of this behavior.
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